Europaisches Patantamt 
(19) ^Mfl European Patent Office 

Office europden d s brev ts 




(g) Publication numt)er : 0 667 382 A1 



EUROPEAN PATENT APPLICATION 



(g) Application number : 95300756.4 
(22) Date of filing : 08.02.95 



@) Int. Cl.«: C09J 183/04, C09J 7/00 



A request for correction of the description and 
daims has been filed pursuant to Rule 88 EPC. 
A decision on the request will be taken during 
the proceedings before the Examining Division 
(Guidelines for Examination in the EPO, A-V. 3.). 

@ Priority : 09.02.94 US 193958 

(3) Date of publication of application : 
16.08.95 Bulletin 95/33 



(m) Designated Contracting States : 
DE FR GB NL 

ffh Applicant: DOW CORNING CORPORATION 
3901 S. Saginaw Road 
Midland Michigan 48686-0994 (US) 



© Inventor: Sweet, Randall Paul 
2433 N. Waldo Road 
Midland, Michigan (US) 
Inventor : Ulman, Katherine Lynn 
5540 Merry Court 
Sanford, Michigan (US) 

@ Representative : Lmdo, Jack Joseph et al 
Elklngton and Fife 
Prospect House 
8 Pembrolce Road 
Sevenoaks, Kent TN13 1XR (GB) 



@ Silicone pressure sensitive adheshre composition containing thermoplastic multi-segmented 
copolymer. 



(g) 



A pressure sensitive adhere composition comprises a mixture of (A) a silicate resin. (B) a silicone 
fluid, and (C) a thermoplastic multi-segmented copolymer which is a product of J^e rea(*on between a 
diisocyanate and a reactive polyorganosioxane having two 9«>"PS^?fachve 

The thermoplastic multi-segmented copolymer comprises from 1 to 40 weight percent hard segmente. 
derived from reactants selected from organic diisocyanates, organic diols and organic diamines, and 
from 60 to 99 weight percent soft segments, comprising from 15 to 99 weight percert. bseed on the 
weight of the thermoplastic multi-segmented copolymer, of polyorganosfloafflne unrts. and fr^T" O ^ 70 
welht percent, based on the weight of the themioplastic multi-segmented copolymer, of pdyalkylene 
oxide units. 
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The present inventibn relet s to pressure sensitive adhesive connpositions containing thenmoplastic multi- 
segmented copolymers. 

A pressure sensitiv adhesive (PSA), gen rally, is a material which adheres to a surfac with slight pres- 
sure and which can release from the surface with negligible transfer of material to the surface. SiliCbne PSAs 
5 are preferred over other types in niany applications, especially in the med ical area For example, silicone PSAs 
are acceptable for topical use and have use in transdermal drug delivery applications which involve the ad- 
herence and sealing of a drug-containing patch to a patient's skin. 

However, many current silicone PSAs experience a degree of "cold flow"; that is, flowing or softening at 
temperatures near room temperature. The amount of cdd flow is Increased when the silicone PSA Is In contact 
10 with a patient's skin, as the higher temperature of a patient's skin causes a further softening of the silicone 
PSA. Rowing or softening of the silicone PSA may cause shifting of the adhesive on the drug-containing patch 
during storage or use, which can decrease the efficacy of the drug-containing patch. There is, therefore, a heed 
for a silicone PSA having a reduced propensity for cold flow. 

Other desirable attributes of a PSA include the biocompatibility of the adhesive to animal skin and the ca- 
ts pability of (a) making it hot-meltable, (b) modifying its properties, such as drug permeability, solubility, adhe- 
siveness, releasibility and tackiness; and (c) making it either transparent or white, thereby resulting in an aes- 
thetically-pleasing product. . .V 

To achieve the foregoing attributes and advantages, our inveritiori is a pressure sensitive adhesive com- 
position, comprising a mixture of a silicate resin, a silicorie fluid and a thermoplastic multi-segmented (block) 
20 copolymer which is a product of the reaction between a dilsocyanate and a reactive polyorganosiloxane having 
two groups reactive with isocyanate. This PSA composition exhibits tackiness and produces adhesiveness 
upon applying slight pressure thereto. . . - 

The sdicate resin and silicone fluid are from 75 to 99 weight percent of the composition, and the thermo- 
plastic multi-segmented copolymer is from 1 to 25 weight percent of the composition. Preferably, the silicate 
25 resin and the silicone fluid are from 90 to 99 weight percent and the thermoplastic multi-segmented copolymer 
is from 1 to 10 weight percent of the composition. 

The silicate resin and silicone' fluid are employed in a weight ratio 'of from 40:60 to 70:30 silicate resin to 
silicone fluid. It is preferred that the weight ratio be from 50:50 to 60:40 silicate resin to silicone fluid. 

One suitable silicate'resin Contains a trim<ethylsilyl-endbibcked polysillcate resin consisting of a benzene- 
30 soluble resinous copolymer containing silicon-bonded hydroxyl radicals, and consisting essentially of triorga- 
nosiloxy units of the formula R3SiOi/2 ^nd tetrafunctionalsiloxy units of the formula 3104^^ in a ratio of 0.6 to 
0.9 triorganosilpxy units for each tetrafunctionalsiloxy unit present in the copolymer, wherein each R is a mono- 
valent organic radical independently selected from hydrocarbon radicals of 1 to 6 cart>on atonris. This silicate 
resin may be blended with a silanol-endstopped polydiorganosiloxane fluid, e.g., a poiydimethylsiloxane fluid, 
35 which combination is disclosed in US-A 2,736,721 and US-A 2,814,601. 

Another suitable silicate resin and silicone fluid combination useful in our inventiori is disclosed in US-A 
2,857,356. The latter patent teaches compositions which consist of a mbcture of (i) a cohydrolysis product of 
a triajkyl hydroiyzable sllane arid alkyt sjlicate, wherein the cohydrolysis product contains a plurality of silicon- 
bonded hydroxy groups, and (ii) a linear, high viscosity organopolysilpxiane fluid containing silicori-bonded hy- 
'40 droxy groups. ' »/ : 

The silicate resin and the silicone fluid may optionally be condensed together according to CA-A 711 ,756. 
In such a condensation reaction, the silicate resin and silicone fluid are mixed together in the presence of a 
catalytic amount of a silanol condensation catalyst then, they aiVe condensed, for example; by heating under 
reflux conditions for 1 to 20 houre. Examples of silanol corlcfeh^iitlon'iiatalysts are primary, secondary and 
45 tertiary amines, carbpxylic acids of these amines and quatisrhary'imm 

Other silicate resin and silicone fluid combinatiohs which are suitable for use in the present invention are 
those compositions described in US-As 4,591 ,622, 4,584,355, 4.585,836 and 4,655.767. Generally, these com- 
positions consist of a blend of a silicate resin and a silicone fluid which are chemically treated to reduce the 
silicon-bonded hydroxyl content of the blend. These compositions may optionally be condensed as described 
50 above prior to the chemical treatment. 

To form .our PSA composition, the silicate resin and silicone fluid are blended with a thermoplastic multi- 
segmented (block) copolymer which is the product of the reaction, b'etween a dilsocyanate and a reacth^e poly- 
organosiloxane having two groups thereon which are reactiv with isocyanate. This copolymer comprises from 
1 to 40 weight percerit "hard" segments consisting essentially of units d rived from an organic dilsocyanate 
55 and, if desired, a difunctional chain extender, and from 60 to 99 weight percent "soft" segments comprising 
from 15 to 99 weight percent, based on the weight of the th rmdplastic copolymer, of a hydrophobic portion 
consisting essentially of one or more polyorganosiloxane units, and from O to 70 weight peroent, bas d on 
the weight of the thenTX>plastic copolymer, of a hydrophilic portion consisting essentially of at least one poly- 
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alkylene oxide unit,preferably polyethylene oxWe. Th polyorganosiloxaneunit^conslstessentially of atleast 
one sequence of from'lO to 300 organoslloxane units. If present, the hydrophlllc soft portiont)f th soft segment 
consists essentially of at least on sequence per.th mnoplastic copolymer molecule of from 5 to 75 alkylene 
oxide units. Preferably, the hard segments are present in an amount of from 3 to 25 weight percent and the 
soft segments are present in an amount of from 75 to 97 weight percent, based on the weight of the themio- 
plastic copolymer. It is also preferred tliat the molar ratio of hard segments to soft segments be from 1:1 to 
5"i 

' The molecules of the thermoplastic copolymer contain at least one segment of a "hard" polymer and at 
least one segment of a "soft" polymer. It is understood in the art that the terms "hard" and "soft" as applied to 
the segments of the thermoplastic cppolyiner refer to the relative glass-transition temperatures (Tg) of the seg- 
ments. , 

The hard segment has a substantially higher Tg than the soft segment - 

Preferably, the thermoplastic copolymer alsO;has a number average molecular weight of from 30.000 to 

^^°'sSteble diisocyanates used to prepare our therropplastic co^^ 

(including cycloaliphatic) or aromatic dilsocyanates. Examples include 1 ,5-naphthalene diisocyanate; fi-phe- 
nylene diisocyanate; tolylene diisocyanate; 3,3'-dim^thyi-4,4'-biphenyl diisocyanate; 4.4-.methylene diiso- 
cyanate; p-xylene diisocyanate; nv-trimethyl-xylylene diisocyanate; trans-1,4-cyclohexyleoe diisocyanate; 
hexamethylene diisocyanate; trimethyl hexamethylene diisocyanate; hydrogenated methylene diisocyanate; 
4 4 -diphenyl methane diisocyanate; 4,4'dicyclohexylmethyl diisocyanate and isophorene diisocyanate. Pre- . 
ferred dlisocyanates are 4,4'-methylene diisocyanate and hydrogenated metfiylene diisocyanate. 

Suitable dif unctional chain extendere which may be used to prepare a proportion of the hard segments of 
our thermoplastic copolymer may be any low molecular weight diols or diamines. Examples include aliphatic 
(including cycloaliphatic) and aromatic diols or diamines having from 2 to 20 carbon atoms. ^^P^ of such 
diols and diamines include 1 ,4-butanedipl; 1,3-butenedi9l: 1.6-hexamethylenediol; 2.2-dimethyl-1.?-prppane- 
diol- 1.4-cyclohexanedimethylol; hydroquinone di- (B hydroxide ethyl ether); 1.1'-isopropylid.ne-bis-(E-phenyl- 
ene-oxy).dl-2-ethanol; poly(tetramethylene ether)-glycol; ethylene glycol; 1 .2-diaminoethane; 1 4-diam.nobu- 
tene; 1 ,2-propanediamine; hexametfiylenediamine; diethylene diamine; 5-amino-1-(am.no methyl)-1,3,3-tn- 
methyl cyclohexane; 4.4'-methylenp bis(cydohexylamine) and ethanolamine. Diols having from 2 to 4 carbon 
atoms are preferred, in view of the. availability and environmental compatibility of these compoun*. 
. The reactive polyorganosiloxanes useful in preparing the thermoplastic copolymers used in the present 
invention are those having two (preferably, no more and no less than two) temiinal S^P^^^^^^ 
cyanates. Examples include amino-f,unctional. carblnol-functionai. mercapto-functional and epoxy-functional 

^""fhis reactive polyoiganosiloxane preferably has from 10 to 300 repeating diorganosiloxy units, optionally, 
with someTtriOiganosiloxy and/or monooiganc«lloxy units^The-reactive polyorganosH^ b^ .near or 

branched, but it is preferably linear haying two terminal organo groups on each silicon whK:h ^fe reactjve v«ft 
Isocyanates. The organo groups may be the same or different The organo groups may be a^kyl havmg from 

1^Tc^bonatoms.l3,3'triflu%^^^^^^ 

with from 1 to 6 carbon atoms) or alkeriyl. Most preferably, the polyorganosiloxane is a polydimethylsiloxane 
because of Jts commercial availability. . ^^^^i^^r 

When an amino-functional polyprganosiloxane is reacted with a diisocyanate. 
^ results, Exemplary amino-f uncti^j^i gjxjyps reactive with isocyanate which may be bonded to a s.l«on on the 
polyorganosiloxane have the generaj fonriula HN(R')R"-- . ,>..u„„„ 

When acarbinol-funclional polyo.^9nosi|o«ne is.re^^^^ 
Exemplary carbinpl-functtonai groups jeactiye with Isocyanate which may be bonded to a silicon on the poly- 
organosiloxane have the general forrriula HOR-. u^„^<^.«»«ilimn«ntha 

Exemplary mercapto-functional .groups leective with isocyanate which may be bonded to a silicon on the 
Dolvoraanosiloxane have the genera! fonnula HSR'-. • » -ii,. j^„<. ,o/i 

In the above general formulae. R' te a monovalent hydrocarbon radical and R" represents an alkylene rad- 
ical Each of the R' and R" radicals may be the same or different ^. , » „„ „„h 

Exemplary epoxy-functional groups reactive with isocyanate are epoxies bonded to ^^^^^^^"^ 
ical which, in turn, are bondable to, a,sili{»n on the polyorganosiloxane. The organic radical may be. among 
other things, an alkylene radical or an alkylene ether radical. ..u^- „«,s.«n 

Method; of prSaring reactive poiyorganosiloxanes and of copolymerizing these po ymers w'th dnso^an- 

atesand other oVnic monomers are known in th art and do notfomi partof Jis '"^f ^^^'^.^.^J^^^^^ 
. SSS4.631.629; US-A-4,840,796;US-A-4.951.657: and US-A-5.008.115 and also the art^^ entitled Seg- 
mented Organosiloxane Copolymers". Polymer. Vol. 25, pp 1807-1816. 
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In one method of preparing the thennoplastic copolymers, the reactive polyorganoslloxane and th organic 
dilsocyanate are mixed together to form a mixture. This nriixture is then heated, in the presence of a suitable 
catalyst if needed, to cause a reaction betw en the polyorganoslloxane and the dilsocyanate to occur. The 
reaction is typically run ivith a slight excess of elthier the polyorganoslloxane or the dilsocyanate; preferably, 

5 with a slight excess of the dilsocyanate, to react with any water present in the mixture. A typical molar ratio of 
reactive polyorganosiloxane to dilsocyanate used in the reaction is 0.95:1 .05. The hard segment of the ther- 
moplastic copolymer may optionally Include a chain extender. After extender addition, the reaction mixture Is 
heated continuously until substantially all of the dilsocyanate Is reacted, ^which typically takes an additional 2 
to 16 hours. The reaction is preferably conducted under an inert atmosphere such as nitrogen while using as 

10 the reaction medium, one or more organic soh^ents, e.g., toluene, tetrahydrof uran, dimethylfonmamide or ma- 
tures thereof, which will dissolve the reactants and the resulting thenrnoplastte copolymer. 

The compositions of our invention may optionally contain viscosity reducing agents (such .as trimethyl- 
endblocked polydimethylsiloxane), drugs, excipients; solvents and the like. Optionally, the PSA compositions 
of this invention may include a minor amount of filler, such as an extending or reinforcing filler. It is usually 

15 desired that the filler be present in an amount of less* than 5 weight %, based on the total weight of the silicate 
resin and silicone fluid. Higher quantities of filler often cause the silicone PSA to lose tack and adhesiveness 
and to increase in viscosity, making it more difficult to coat the PSA onto a substrate. 

The silicone PSA compositions of this invention may be made by mixing the components in any order. One 
way is by heating a blend of the silicate resin and the silicone fluid to'^the melting temperature of the thermo- 

20 plastic copolymer, ^nd then slowly adding the thermoplastic copolymer to the heated blend. Another way is by 
(a) solvating a blend of the silicate resin and silicone fluid with a suitaible solvent, such as trichlorofluorome- 
thane. hexane. toluene, xylene or ethylacetate, (b) blending the thermoplastic copolymer Into the solvated 
blend, and (c) then evaporating the solvent from the blend. 

Our PSA compositions will adhere to many substrates, such as paper, cloth, glass cloth, silicone rubber, 

25 polyethylene, polyethylene terephthalate, polytetrafluoroethylene, glass, wood, metals and animal skin. There- 
fore, there are many uses for our compositions. 

These PSA compositions 'may also be coated onto a substrate by hot-melt coating techniques or by ap- 
plying the compositions in a soh^ent and subsequently evaporating the soh^ent To apply our PSA compositions 
to a substrate, the applicatidn may be accomplished by using any conventional means, such as, e.g.^ roller 

30 coating, dip coating, extrusion, knife coating or spray coating. 

When using hot-melt coating techniques, the method typtcaliy comprises the steps of (a) heating the PSA 
composition to a coatable temperature above 26<'C. (typically above 100*»C. and preferably above 150**C.), (b) 
coating the heated composition on the substrate, and (c) cooling the coated composition until It is In a generally 
non-flowing state. The coating temperatures should be low enough for decomposition of the composition not 

35 to occur. L.bwer temperatures may result in coatable viscosities depending on the coating equipment used, the 
desired end product and the compositk)n of the PSA composition. 

Optionally, after coating, the compositions may be cured. When the composition is to be cured, the com- 
position may f urther contain a curing catalyst. The process of crosslinking silicone PSAs Is known in the art, 
[see. for example, "Silicone Pressure - Sensitive Adhesives" by D.F. MsmW in the Handbook Of Pressure - Sen- 
/'^ sitive Adhesive Technolbqv, edited by D. Satas (Van Nostrand Reinhold, Florence, Kentucky, 1982). pages 
344-352, and "Formulating Silicone Pressure Sensitive Adheslves' For Application Performances" by LA. So- 
bleskl in Making It Stick In '86 Advances In Pressure - Sensitive Tape Technologv . seminar proceedings (Pres- 
sure Sensith/e tape Council, Deerfieid, Illinois, 1986), pagb)s 1-5. * - ' A 

The PSA compositions of this invention are especially suitable for assisting in delivering a bioactive agent, 

45 such as a drug, to a 't)ioactive-agent accepting substrate, such as a p^tienfs skin. The PSA composition of 
our invention may be employed in at least three modes of bioactive agferit delivery. One mode is to incorporate 
the bioactive agent into the PSA composition, which is thereafter attached to the substrate to commence de- 
livery. The second mode of delivery is to attach a membrane of the PSA composition to a substrate and to 
coptact a reservoir or matrix, including a bioactive agent, with the attached membrane. The bioactive agent 

so may then pass from the reservoir or matrix through the attached membrane to the substrate for absorption. 
The third mode of delivery is accomplished by applying the PSA to the perimeter of a delivery device having 
a bioactive agent-containing matrix In the center thereof. The delivery device Is then attached to the substrate 
and the bioactive agent-containing matrix contacts the substr^tl^ directly. 

The following examples illustrate th claimed invention. In the following examples, all parts and perc n- 

55 tages are by weight unless otherwise specified. 

The "NyC" (Non-volatile Content) valu of a resin was deterrrtined by mixing 1.5 g of the resin with 0.75 
g. of a 100 mm2/s (cs.) viscosity, trimethylslloxy-endblocked polydlrriethylsiloxane (PDMS) fluid in an alumi- 
nium foil dish, 60 nrun in diameter and 15 mm de p, and by heating the sample for 2 houre at 1 SOX. in an air- 

4 
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circulating oven.: The, heated sample was then cooled to room temperature and reweighed to determine the 
weight of the non-volatile material (w)..Th^lWCJn percent is equal to 1 00 xw/1.5. . 

Resin A-l was a xylene solution of a sllicat resin prepared from 45 parts of sodium silicate (41 .6° B6) and 
20 parts of (CH3)3SICI produced according to US-A 2,676.182. which contained (CH3)3SiO,ffi units and SiO*2 
units In a ratio of approximately 0.75:1.0. and had an NVC value of 69-71%. an acid number of 0.3 to 1.4. a 
viscosity of 1&-14 mPa s (centipolse) at 25"C, at 60% NVC in xylene and a silicon-bonded hydroxyl content of 
2.5 weight percent based on 100% NVC. 

Resin A-2 was devolatilized Resin A-l (1 00% NVC). 

ROMS Fluid A was an homogeneous mixture of an hydroxyl-endblocked polydimethylsiloxane having a 
number average molecular weight cif . approximately 40.000 and minor amounts of cyclic polydimethylsiloxane 
having degrees of polymerization between 4 and 30. The mixture had a viscosity between 12.000 and 15.000 
mPa s (centlpoise) as measured using a Brookfidd Viscometer. Model HAF with spindle #3 at 10 RPMs. 

PSA "A" was prepared by homogeneously mixing 55 parts by weight of Resin A-2 and 45 parts by weight 
of PDMS Fiiid Aand thereafter sdvating them in xylene in an amount fomiing a 70% xylene solution. The mix- 
ture was then heated to lOO'C. and anhydrous ammonia was passed through th6 mixture at a rate of 5.0 
ml/mln/g (11 ml/mln/lb) of non-volatile component of the mixture for 2 hours. To endcap the mixture, hexam- / 
ethyldi-silazane was admixed at a 3i1 mole ratio of endblocking triorganosilyl to total silicon-bonded hydroxyl 
radicals present in the silicate and polydimethylsiloxane, and the mixture was then allowed tp react for 3 houre 
at gs-IOO-C. Next, the mixture was hpated to 14a'C. and maintained at 140^. under reflux conditions for 3 
hours to remove water of corelensgtion. The mixture, was.then stripped to grea^ than 90% NVC. 

' PSA "B° was a PSA composition prepared by homogeneously mixing 60 parts of Resin A-l. 40 parts of 
PDMS Fluid Aand a portion of 2.4 parts of ammonium carbonate, heating the mixture to 100»C. and maintaining 
the temperature at 100»C. for 1 hour. Then, the remaining portion of the 2.4 parts ammonium cartjonate was 
added to the mixture and mixing was continued for another hour at 100'C. The mixture was then stripped for 
16 hours at lOO-C. to remove the volatile components. PSA"B" cooled to room temperature had (I) a specific 
gravity of 1 085 - 1 115, (2) an NVC value of at least 98.8%, where NVC Is as defined above, except that a 1 
g. sample vi»s used and the temperature of the oven was 177°C., (3) a plasticity of 3.8-5.1 mm (150.200 x 
10^ inches) as measured after a :24-hour rest and after force was applied to a 2-gram specimen for 3 minutes 
+/- 5 seconds using ASTM D926, and (4). when dispersed in trichlorotrifluoroethane to an NVC value of 18.5 ^. 
the adhesive peel measured at least 1600. g. ^. 

PSA "C" was prepared by the same procedure as that used for PSA "B except for the levels of Resin A-l 
and PDMS Fluid A used. For making PSA "C". 55 parts of Resin A-l and 45 parts of PDMS Fluid A were used. 

PSA "D!" was prepared by homogeneously mixing 26,74. parts of an hydroxy-endWocked polydimethylsi- 
loxane gum having a plasticity between .1 .2 and 1 .5 mm (47 and 60 mils). 30.14 parts Resin A-2. M^8 parts 
xylene 3 40 parts isopropanol and 0.14 part of a mixture consisting of 9% tetramethylguanidine. 9% 2-ethyl 
-hexOic'acid and 82% xylene. The plasticity of the gum was measured at room temperature and after for^^^ 

applied.to a 4.2-gram specimen fpr ^ minutes +/- 5 seconds using ASTM D926. The homogeneous mixture 
was then stripped to remove the volatile components. . ,• 

SILICONE UREA -A" was prepared by reacting hydrogenated methylene dlisocyanate with a linear poly- 
dimethylsiloxane having a degree of polymerization of 100 and an N-methylamlnoiso^iutyl functionality on each 
end. The reactton was completed using 1.05 moles of the diisocyanate per.0.95 mole of the amino-funptional 

''°'^SILICONe'urS "B" was prepar|d~by the same procedure aSthaf used for SILICONE UREA "A", except 
that the degree of polymerization of;the,polydimethylsiloxane was 200. k,.^.,oca"a- * 

SILICONE UREA "C" was prepared by the same procedure as that used for SILICONE UREA A .except 
that the degree of polymerization of the-jjoiydimethylsiloxane was 300. , , 

Tapes were prepared using the silicone pSAcompositlons of the following examples to measure adhesion 
and release values. The composittons ,were cast to an 0.05 mm (2-mil) thickness onto 25.4 mm (one-inch) wide 
strips of "SCOTCH-PAK"™ 1022 Release Liner, a polyesterfilm coated with a release coating, the release liner 
being available from the 3M Company, SL, Paul. Minnesota. U.S.A. After coatiog. a 25.4 ""ni (one-inch) wide 
strip of MYLAR™ polyester film was caused to adhere to each cast sample with a 2.0 kg. (4.5 lb.) roller. 
. Release values were obtained by stripping the tape from the "SCOTCH-PAK"™ 1022 Release Uner at a 
rate of 1.0 m/minute (40 inches/minute) jand at an angle of 180' while attached to a Ensile testing machine 
with the resulte being expressed in grams per centimeter. An average value over the ntire length of the Imer 
was recorded. Ills prefen-ed that the rel ase values be from 0.5 to 50 g/cm. ^ . 

The tapes (the PSA composition on MYLART™) were each adhered to a stainless ste I pand with a 2.0 
ka (4 5 lb ) roller and allowed to rest for 15 minutes. The adhesion measurements were obtained by stnppii^ 
each tape from the panel at a rate of 30.5 cm/minute (12 inchesMiinute) and at an angle of 1 80° while attached 
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to a tensile testing n^chine. with the results expressed in granns per centimeter. It is preferred that the adhesion 
values be from 1 00 to 2000 g/cm. 

Tack generally correlates with the adhesive's ability to stick, but is a difficult property to quantify. Tack 
was measured on the compositions in the following examples using a "POLYKEN"™ Probe Tack Tester, Series 
5 400, made by Testing Machines, Inc., Amltyville, NY, U.SA. The speed of the probe was controlled to 1.0 
cm/sec. and the dwell tinne of the probe was 0.5 second. It is preferred that the tack values t>e from 50 to 800 

g. 

Cold flow was measured by (a) rolling, into a ball, a piece of the PSA composition which weighs, in grams, 
twice its specif Ic gravity, (b) pressure adhering the ball to a papered surface inclined to 30", and (c) measuring 
10 the distance the ball moves after? days of being placed on the indined papered surface at room temperature. 
The paper used on the inclined surface was manila folder paper #2-1 53LK-3 from Smead, Inc., Hastings, Min- 
nesota, U.S.A. An additive to a PSA is considered significantly to improve cold flow if the cold flow with the 
additive is 95% or less than the cold flow of the PSA without the additive. 

15 Examples 1A-3B 



In Examples 1 A and 1 B, 5.5 parts by weight of a silicone urea copolymer were blended with 94.5 parts by 
weight of PSA "A". In Example 1A, SlUCONE UREA A was used and In Example IB, SlUCONE UREA "C" 
was used. >• • 

20 in Examples 2A-2C, 5.5 parts by weight of a silicone urea copolymer were blended with 94.5 parts by 

weight of PSA'C". In Example 2A, SlUCONE UREA "A" was used, In Example 2B, SILICONE UREA^B" was 
used and in Example 2C, SILICONE UREA "C" was used.- 

in Examples 3A and 3B, 5.5 parts by weight of a silicone urea copolymer were blended with 94.5 parts by 
weight of PSA "D". In Example 3A, SlUCONE UREA "B" was used and in Example 3B. SlUCONE UREA "C" 
25 was used. 

Cold flow, release, adhesion and tack values were determined on the blends and the values are listed in 
Table I together with the thickness of the tape used during the measurements. Values for PSA "A" without an 
additive are provided as Example C-1 (comparative example). Values for PSA "C" without an additive are pro- 
vided as Example C-2. Values for PSA "D" without an additive are provided as Example C-3. 

30 

Table 



/40 



45 



SO 



Example # 


Cold Flow (cm) 


Thickness (iim) 


Release (g/cm) 


Adhesion (g/cm) 


Tack (g) 


lA 


1.8 


61 


165.0 


520.0 




558 


IB 


2.0 


53 


48,0 


319.0 




601 


CI 


2.2 


56 


6.0 


597.0 




237 


2A 


1.0 


58 


33.0 


562.0 




363 


2B 


2.7 


56 


396.0 


370.0 




820 


2C 


1.4 


56 


12.0 


627.0 




641 


C-2 


4.5 


58 


18.0 


613.0 




727 


3A 


1.4 


53 




173.0 




72 


3B 


1.5 


56 


;i55.0 


491.0 




864 


C-3 


1.9 


51 


21.0 


549.0 




542 



Examples 4A-4H 

In Examples 4A-4H, SILICONE UREA "A" was blended with PSA "B" and a linear trimethyl-endblocked 
polydimethylsiloxane (PDMS) fluid having a viscosity of 100 mmVs (cs.) at 25*'C. Table II provides the com- 
positions in parts by weight of the bl nds for Examples 4A-4H. 
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Table II 





ExampI # : > . 


SILICONE UREA "A" 


PSA"B" 


PDMS 


5 


4A 


5 


94 


1 




4B 




90 


5 




4C 


• 5 


SS 


10 


10 


4P . 


■ - ■ 5 


80 


15 




4E ' 


'5 


75 


;2o 




4F 


10 


70 


:20 


15 - 


4e 


15 


65 


20 




4H 


20 


60 


20 



Cold flow, release, adhesion and tack values were deternnined on the blends and the values are listed In 
Table ill together with, the thickness of the tape used during the measurements. 

Table III ' 



30 





Cold Flow 


Thickness 


Release 


Adhesion 


Tack 


Examole 


# (cm) ' 




(g/cm) 


(q/cm) 


iai 


4A 


o 


■''SI:- 


2.0 


536.0 


124 


4B 


b 


6l"' 


6:o' 


426.0 


' 149 


4C 


O 


61 


11.0 


311.0 


215 


4D 


■■ ' -..0 


... 56 


11.0 


198.0 


. 349 


4E . 


0 , 


58 


15.0 


112.0 


486 


4F 


o 


ND* 


ND 


ND 


ND 


4G- 


o 


ND 


ND 


ND 


ND 


4H 


o ' 


ND 


ND 


ND 


ND 



*Not determined ^ » 
Examples 5A-5K 

^. In Examples 5A-5K, SILICONE UREA "A" was:biended with PSA "C" and a linear trimethyi-endblocked 
polydimethylslloxane (PDMS) fluid having a viscosity of 100 mm^/s (cs.) at 25X. Table IV provides the com- 
positions in parts by weight of the blends for Examples 5A-5K. 

50 . . 



55 
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Tabie IV 



5 



10 



IS 



20 



Example # 


SIUCONEUREA"A" 


PSA"C" 


PDMS 


5A 


5 


94 ' 


1 


5B 


5 


90 


5 


5C 


"5 


85 


10 


5D 


10 


. 80. 


.10 


5E 


16 


75_ 


10 


5F 


20 


70^ 


10 


5G 


5 


80 


15 


5H 




.75 


20 


51 


10 


70 


20 


5J 


15 


,65 


20 


5K 


20 


60' 


20 



Cold flow, release, adhesion and tack values were determined on the blends and the values are listed in 
Table V together with the thickness of the tape used during the measurements. 



table V 



35 



,40 



Example # 


Cold Flow (cm) 


Thickness 
(nms) 


Release (g/cm) 


Adhesion (g/cm) 


Tack(g) 


5A 


2.7 


56 


36.0 


688.0 


895 


5B 


• 4.1 


56 


52.0 


668.0 


824 


5C 


5.8 


56 


'121.0 


428.0 


584 


5D 


3.5 


61 


216.0 


256.0 


472 


5E 


3.9 


58 


bd2.o 


. ,160.0 


169 


5F 


3.8 


53 


. 381.0 


137.0 


446 


5G ' ■ 


9.3 


56 


: 2t4i0 


206.0 


408 


5H 


14.4 


56 


.r - ^161.0 


67.0 


186 


51 




56 " ' " 


157.0 


56.0 


212 


5J 


' 5.6 


56 


• ' ' 173.G 
/ 168.0. 


v 70.0 


85 


5K 


5.8 


56 


.71.6 


96 



50 . i ' 

Claims 

1. A pressure sensitive adhesive composition, comprising a mixture of: 
55 from 75 to 99 weight percent of (A) a silicaite resin and (B) a silicone fluid, wherein said silicate 

resin and silicone fluid are employed in a weight ratio of from 40:60 to 70:30 silicate resin to silicone fluid; 
and . . * 

from 1 to 25 weight percent of (C) a thermoplastic mu!ti*segmented copolymer which is a product 
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of the reaction between a diisocyanate and a reactive polyorganosiloxane having two groups reactiv with 
isocyanat s, 

said pressure sensitive adhesive composition exhibiting tackiness and producing adhesiveness 
upon the application of slight pressure th reto. 

2. The composition of claim 1 , wherein.the silicate resin is a benzene-soluble resinous copolymer containing 
silicon-bonded hydFOxyl radicals, and essentially consisting of triorganosiloxy units of the formula RaSiOi/a 
and tetrafunctionalsiloxy units ofythe formula Si04/2* a r^tio of 0.6 to 0.9 triorganosiloxy units for each 
tetraf unctionalsiloxy unit present in the copolymer, wherein each RJs a monovalent organic radical Inde* 
pendently seliected from hydrocarbon radicals of 1 to 6 carbon atoms. 

3. The composition of cliaim 1 , wherein the silicate resin is a cohydrdysis product of a trialkyi hydrolysable 
silane and an alkyi silicate,- and wherein the cohydrolysis product contains a plurality of silicon-bonded 
hydroxy groups. 

4. The compositfon of claim 1, wherein the thermoplastic multi-segmented copolymer comprises from 1 to ^ 
40 weight percent hard segments derived from reactants selected from organic diisocyanates, organic 
diols and organic diamines, and from 60 to 99 weight percent soft segments comprising from 15 to 99 
weight percent, based on the weight of the thermoplastic multi-segmented copolymer, of polyorganosi- 
loxane units and from 0 to 70 weight percent, based on the weight of the themioplastic multi-segmented 
copolymer, of polyalkylene oxide units. 

5. The composition of dalm 1, wherein the degree of polymerizatbn of the reactive polyorganosiloxane Is 
from 10 to 300. 

6. The composition of daim 1, wherein the reactive polyoiiganosiloxane is selected from aminofu notional 
polyorganosiioxanes. carbinol-f unctional polyorganosiloxanes, mercapto-f unctional poiyorganosilox* 
anes and epoxy-functional polyorganosiloxanes. 

7. The composition of daim 1 , wherein the thermoplastic multi-segmented copolymer has a number average 
mdecular weight of from 30,000 to 1 20,000. 

8. The composition of daim 1, wherein said composition exhibits a cold flow of less than 95% of the cold 
flow of the same composition prepared without the thermoplastic multi-segmented copolymer, the cold 
flow being measured by (a) rolling, into a ball, a piece of the pressure sensitive adhesive composition 
which welghs, in,grams,.twice its specific gravity, (^^ 

dined to 30°, and (c) measuring the distance the ball moves after 7 days of being placed on the inclined 
papered surface. 

9. The composition as set forth in daim 1. wherein the adhesiveness is exhibited by an adhesion value of 
from 1 00 to 2000 g/cm measured.by (a) preparing a tape by casting the pressure sensitive adhesive com- 
position 0.05 mm (2-mils) thick onto a 25.4 mm (one-inch) wide strip of release liner and adhering a 25.4 
mm (bne^inch) wide strip of polyester film to the cast composition, using a 2.0 kg (4.5 pounds) roller, (b) 
stripping the release liner from the tape, (c) adhering the side of the tape having the pressure sensitive 
adhesive compositk>n thereon to a stainless steel panel using a 2.0 kg {4.5-pound) roller, (d) allowing the 
tape to rest adhered to the stainless steel panel for 15 minutes, and (e) measuring the force required to 
strip the tape from the stainless steel panel at a rate of 30.5 cm/min (12 inches/minute) and at an angle 
of ISO"" using a tensile testing machine. 

10. The composition of daim 1 . wherein the tackiness- is exhibited by a tack value of from 50 to 800 grams, 
measured with a probe tack tester controlled at a speed of 1 cm/sec and a dwell time of 0.5 second. 

11. The composition of daim 1 , wherein the composition exhibits a release valu of from 0.5 to 50 g/cm, meas- 
ured by (a) preparing a tap by casting, the pressure sensitive adhesive composition 0.05 mm (2-miis) 
thick onto a 25.4 mm (one-inch) wide strip of "SCOTCH- PAK"™ 1022 Release Liner and adhering a 25.4 
mm (one-inch) wide strip of polyester film to the cast composition using a 2.0 kg (4.5 pound) roller and 
(b) measuring the forc required to strip the Release Liner, from the tape at a rate of 1.0 m/min (40 in- 
ches/minute) and at an angle of idO"" using a tensile testing machine. 
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